Safe drinking water is a top priority in preventing disease outbreaks and is of general concern to everyone. This study examines the occurrence of Cryptosporidium and Giardia in Hungarian drinking water supplies for the first time. A total of 76 raw and drinking water samples were examined using the U.S. EPA Method 1623. From these 15 of 34 (48.4%) raw water samples tested positive for Giardia and 7 (26.6%) for Cryptosporidium. Twelve of 45 (26.7%) drinking water samples were positive for Giardia and 6 (13.3%) for Cryptosporidium. Overall, Giardia cysts and/or Cryptosporidium oocysts were detected in 48% of the raw water samples and 35% of the drinking water samples. The highest levels in drinking water were found to be 3 oocysts/100 litres of Cryptosporidium and 63.6 cysts/100 litres for Giardia, enough to cause giardiasis. The highest levels in raw water were 1,030 cysts/100 litres for Giardia and 50 oocysts/100 litres for Cryptosporidium and higher oocyst densities were associated with source water receiving effluents from sewage treatment plants or originating from a forest environment. In addition to this monitoring, riverbank filtrated water and raw water from the River Danube in Budapest were monitored in order to ascertain protozoan removal efficiency of riverbank filtration (RBF). A total of 157 samples, including 87 samples from the River Danube and 70 samples post RBF, were examined. Cryptosporidium and Giardia were detected regularly in the river water but never in riverbank filtered water suggesting the effectiveness of RBF as a purification method.
into surface waters (Erlandsen et al. 1990; Karanis et al. 1996a, b; Bednarska et al. 1998; Hunter & Thompson 2005) . A number of outbreaks have been reported worldwide owing to a combination of chlorine resistance of the dormant parasite and inadequate water treatment leading to sufficient numbers of protozoa to cause illness . However, it is unusual to find these parasites in boreholes or deep well water unless fissures are present, thereby allowing surface water into the source. In Hungary 95% of water supplies originate from groundwater (confined aquifers and karst water) with, riverbank filtration (RBF) and surface water treatment plants making up the remaining 5%. In our study, we investigated the public drinking water systems in order to gain information on the distribution of Giardia and Cryptosporidium oocysts and estimate the efficacy of applied water treatment techniques in Hungary.
MATERIALS AND METHODS

Sampling sites and sampling designs
The geographic location of Hungary and sampling sites are shown in Figure 1 . From the year 2000 until 2005 suspected contaminated drinking water resources were examined on an irregular basis taking into consideration particular events such as heavy rains or/and dry seasons.
Springs
Three springs and three karsts wells were examined.
Karsts are a special type of landscape which is formed by dissolution of soluble rocks, including lime rocks and dolomite. Karsts regions contain aquifers that are capable of providing large supplies of water. These aquifers are very productive, but they are more susceptible to contamination, than those in other geologic media.
In all cases, the water is used without treatment or treatment by chlorination or in the case of one spring, the water is stored in an open pool. There is extensive animal husbandry in the vicinity of the karst wells and 2 springs.
The sample code is 1, 17 in Table 1 and Figure 1 .
Wells
Two groundwater wells were sampled several times, one of which showed bacteriological problems and was the site of The resultant suspension for screening was clean and it had the small volume of 50 ml.
Microscopic examination
After IMS, separated oocysts were mounted onto slides, 
RESULTS
236 water samples within Hungary (31 raw water, 45 drinking water, 87 river water, and 70 post RBF samples)
were collected and investigated for the presence of Cryptosporidium oocysts and Giardia cysts.
Spring water
In one spring, 2 Giardia cysts/100 L were found (sample code 1, Table 1 & Figure 1 ) while in another, 4
Cryptosporidium oocysts and 3.5 Giardia cysts/100 L were detected once. The drinking water in the last case was stored for a long time in an opened pool. The sample code is depicted as 17 in Table 1 and Figure 1 .
Ground water
No protozoa were detected in any sampled groundwater and therefore are not included in Table 1 , and the sample code is 14 in Figure 1 .
Raw water
The raw water of 10 treatment plants was contaminated with both protozoa, ranging from 5 to 50 Cryptosporidium oocysts per 100 L and 0.3 -1,030 Giardia cysts/100 L (samples 2, 8 -10, 13, 16, 18-20, 22, 24-25, Table 1 & Figure 1 ).
Final (drinking) water
The final water of 8 water treatment plants was contaminated with Cryptosporidium and Giardia varying between 0.1-3 Cryptosporidium oocysts and 0.2-63.6 Giardia cysts/100 L (samples 2, 8 -10, 13, 16, 18-20, 22 , 24 -25, Table 1 and & Figure 1 ).
Only the data with positive results is shown in Table 1 . Giardia cysts could be detected in the distribution system of drinking water from riverbank-filtered sources.
DISCUSSION
In Eastern European countries, investigations into contamination of water supplies with Giardia and Cryptosporidium are very rare. In 1987 In -1988 Hungarian waterworks (water originating from springs and streams)
were examined for the occurrence of Giardia cysts by membrane filtering 70-380 litres of drinking water before examination of the pellet by direct microscopy. Giardia was detected regularly in one of the springs with the authors emphasizing that the hazard from Giardia contaminations in Hungary exists, especially where spring water originates from a forest environment (Andrik & Komuves 1989) . Raw water sources in the Czech Republic were found to contain 0 to 7,400 Cryptosporidium oocysts per 100 litres and 0 to 485 Giardia cysts per 100 litres (Dolejs et al. 2000) and
recently, high levels of contamination have been reported for both protozoa in water supplies in Russia and Bulgaria (Karanis et al. 2006) .
In our investigation, samples were taken from water treatment plants posing a high risk of protozoan contamination; 6 surface water treatment plants were in contact with effluents from sewage treatment plants located between 1 to 40 km away, 3 surface water treatment plants took water from a forested area containing abundant wild animals, and 2 surface water treatment plants' source water was near agricultural activities (livestock rearing). In all cases the raw water was contaminated, however, except for two water treatment plants parasite removal seemed effective during the investigative period.
Raw water from the River Danube was found to be highly contaminated with both Giardia cysts and
Cryptosporidium oocysts. Changes in water level and the introduction of differently treated sewage led to high variability in the numbers of these protozoa with counts varying over two or three orders of magnitude with peaks found in winter/spring months.
One interesting finding pertained to the lack of protozoa after RBF demonstrating the high potential of an RBF system for the reduction or elimination of protozoan.
Another group (Weiss et al. 2005) previously suggested the potential of RBF for a substantial reduction in microorganism such as Giardia, Cryptosporidium, viruses, and potential surrogate parameters. A Hungarian study investigated serological responses to the 15/17-kDa and 27-kDa cryptosporidial antigens in women using groundwater and or surface water for drinking (Frost et al. 2005) . Serological responses were significantly lower in women who drank water from a confined aquifer or surface water following RBF compared to those, drinking water from Karst wells or non-RBF treated surface water. Strikingly, among women using bank-filtered water, the intensity of response was less than one-third of that observed for women using conventionally filtered and disinfected surface water.
The current protozoan detection methods likely underestimate the number of organisms and, therefore, when protozoa are detected they should be treated seriously.
Infectivity of these oocysts/cysts depends on several factors
including the species present and whether they are capable of producing human infection, clumping of the oocysts/ cysts, water temperature, and age (Li et al. 2004) . We have taken into consideration useful information such as internal structure and DAPI staining for the accurate identification of Cryptosporidium and Giardia oocysts using microscopy (Ho et al. 1995; Thiriat et al. 1998; USEPA 2001; Smith et al. 2002) . While PCR identification of oocysts may be more sensitive than microscopic examination, morphological characteristics cannot be distinguished (Jiang et al. 2005) .
Genotyping isolates found in either source or treated water can give further information on the likely sources of contamination and whether strains may be infectious to humans (Ryan et al. 2005 (Medema et al. 2006) . Ozonation is an effective measure in killing both these pathogens; however the most successful method of removing oocysts/cysts from a water supply is through filtration (membrane filtration, diatomaceous earth filtration) (Medema et al. 2006) .
Indeed, our study demonstrated the ineffectiveness of disinfection against protozoa at 14 surface water treatment plants while also hinting at the efficacy of riverbed filtration.
Giardia can cause disease at a level as low as 3-5 cysts/100 litres in treated drinking water (Wallis et al. 1996) while Cryptosporidium requires as few as 10 -30 oocysts/100 L to pose a risk of outbreak (Haas & Rose 1995 2003) . Accordingly, Giardia infections are more frequent than Cryptosporidium but a more detailed study needs to be undertaken. Currently there is no data monitoring the presence of these protozoa in wild animals in Hungary. According to data from the Czech Republic deer can be a potential reservoir of C. parvum (Hajdusek et al. 2004) . A Polish study emphasized that small rodents should be considered as an important reservoir for different Cryptosporidium genotypes (Bajer et al. 2003) . Review of world-wide reports showed C. parvum to be found in 11 wild mammals, mainly rodents, but also insectivores (e. g. common shrew), lagomorphs (e. g. brown hare) and ungulates (e. g. deer) while C. muris has been reported specifically in wild rodents (Sturdee et al. 1999) . G.
lamblia genotypes A and B are widespread, found in dogs, cats, farm and wild animals (mainly rodents); zoonotic origin for waterborne outbreaks of Giardia infection appears to be uncommon or unclear. Therefore, the impact of the wildlife cycle cannot be underestimated (Appelbee et al. 2005 ) nor can the risk appear posed by cats, dogs, and other animals (Karanis et al. 1996a, b; Karanis & Ey 1998; v. Keulen et al. 2002; Thompson 2004) . Future genotyping of parasites will be helpful in the identification of contamination sources (Caccio et al. 2005) . Water pollution is one of the most urgent health problems currently facing several European countries and emerging pathogens leading to waterborne disease is a pan-European problem. Safe drinking water is a general concern to all European countries yet it has been recognised that sophisticated surveillance against many diseases and especially those associated with water are not available. There is a need for wider dissemination of information on waterborne and emerging diseases amongst member states of the EU and Hungary.
